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1 1 . \ A magnetic read head that has an au- bearing surface (ABS), a read region 

2 that has first and second sides that extend substantially perpendicular to the ABS, first 

3 and second ehd regions that are adjacent said first and second sides respectively and the 

4 read region and the first and second end regions being adjacent said ABS, the magnetic 

5 read head comprising: 

6 a read sensor located in the read region and having first and second side edges 

7 p that define said first and second sides ofthe read region; 

8 said read senW including: 

9 I ^ a ferromagnetic fi-ee layer and a ferromagnetic pinned layer; and 

1 0 CO an electriWly conductive non-magnetic spacer layer sandwiched between 

1 1 the free and pinnea layers; 

12 first and second leaodayers located in the first and second end regions, each lead 

13 i;f: layer having a first side edge wherein the first side edge of the first lead layer is adjacent 

14 the first side edge of the read sensor and the fiftt side edg^f the second lead layer is 

15 p adjacent the second side edge of Ihe read sensor; / 

16 first and second read gap layers wherein etckfead gap layer is located in the read 

17 and first and second end regions; \ (/ 

18 first and second shield layers; \ 

19 the read sensor and the first artd second read gap layers being sandwiched 

20 between the first and second shield layers\ 

21 the first read gap layer comprising a bi-layer of an insulation film and an 

22 antifenromagnetic oxide film sandwiched between the first shield layer and the first lead 

23 layer in the first end region, sandwiched betweLi the first shield layer and the read sensor 
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in the read redon and sandwiched between the first shield layer and the second lead layer 
in the second end region; 

the fi-eeuayer being located between the antiferromagnetic oxide film and the 
pinned layer; anc 

the first ank second lead layers exchange coupUng to the antiferromagnetic oxide 
fihn and magnetostWcally coupling to the read sensor. 
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2. A magnetic read head as claimed in claim 1 wherein the read sensor 
further includes: 

an antiferromagnetic metallic layer exchange coupling to the pinned layer; and 
a non-magnetic\ layer sandwiched between the free layer and the 
antiferromagnetic oxide fljm in the read region. 

3. A magnetic \ead head as claimed in claim 2 including: 
each of the first and sdcond lead layers having a ferromagnetic fihn; and 

the ferromagnetic fihrA of each of the first and second lead layers exchange 
coupling to the antiferromagnetic oxide fihn in the fi^t and second end regions 
respectively and magnetostaticallV couplin^C the r^ac^ensor. 

4. A magnetic read he^d as claimed in claim 3 wherein each lead layer 
includes: 

non-magnetic adhesion and caA films; 

an electrically conductive non\nagnetic fihn sandwiched between the non- 
magnetic adhesion and cap fihns; and 

in each of the first and second! lead layers, the ferromagnetic fihn being 
sandwiched between the antiferromagnetic\oxide fihn and the adhesion fihn in the first 
and second end regions. 
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5. T A magnetic read head as claimed in claim 4 wherein the 
antiferromagnelic metallic layer is selected from the group Ir-Mn, Ni-Mn, Rh-Mn, Pt- 
Mn, Pd-Pt-Mn dpd Cr-Pt-Mn. 

6. A magnetic read head as claimed in claim 4 wherein the 
antiferromagnetic bxide fihn is selected from the group NiO and a-FcjOy 



:3 



7. A Vnagnetic read head as claimed in claim 4 wherein the 
antiferromagnetic metallic layer is selected from the group Ir-Mn, Ni-Mn, Rh-Mn, Pt- 
Mn, Pd-Pt-Mn and Cr-Pt-Mn. 

8. A magnetic read head as claimed in claim 4 wherein the non-magnetic 
seed layer is Ta, the free laver is Ni-Fe, the spacer layer is Cu, the pinned layer is Co and 
the antiferromagnetic metallic layer is Ni-Mn. 



9. A magneticV read head as claimed in claim 8 wherein the 

antiferromagnetic oxide film is Selected from the group NiO and a-FczOj. 



r 



10. A magnetic read head as 
oxide film is NiO and the ferromagne\jc film 
is Ni-Fe. . 



claimed in^ilaim 4 wherein the antiferromagnetic 
of eg(6hj)Hhe first and second lead layers 



1 1 . A magnetic read head as clWed in claim 4 wherein the second gap layer 
interfacially engages the antiferromagnetic metallic film. 

12. A magnetic read head as\ claimed in claim 11 wherein the 
antiferromagnetic metallic layer is Ni-Mn. 
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13. \A. magnetic read head as claimed in claim 1 2 wherein a thickness of the 
antiferromagnedc metallic film is 15-25 nm. 
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14. a\ magnetic read head as claimed in claim 13 wherein the 
antiferromagneticWide film is NiO and the ferromagnetic fihn of each of the first and 
second lead layers \is Ni-Fe. 
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15. A mferged magnetic head that has a read head and a write head wherein 
each head forms a portion of an air bearing surface (ABS) comprising: 
said read headVncluding: 

a read region that has first and second sides that extend substantially 
perpendicular to the ABS, first and second end regions that are adjacent said first 
and second sides\respectively and the read region and first and second end 
regions being adjaAent said ABS/ 

a read senso^ located in ttie read region aja:^ having first and second side 



edges that define said first and 



second sides >of the read region; 



said read sensor including 

a ferroiAagnetic ^e layer and a ferromagnetic pinned layer; and 
an electdbally conductive non-magnetic spacer layer sandwiched 

between the ft-ee W pirmed layers; 

first and second leVd layers located in the first and second end regions, 
each lead layer having a first side edge wherein the first side edge of the first lead 
layer is adjacent the first side\edge of the read sensor and the first side edge of the 
second lead layer is adjacentVhe second side edge of the read sensor; 

first and second gap laVers wherein each gap layer is located in tiie read 
and first and second end regions; 
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the tead sensor and the first and second gap layers being sandwiched 
between tha first and second shield layers; 

the fiirst read gap layer comprising a bi-layer of an insulation film and an 
antiferromagnetic oxide fikn sandwiched between the first shield layer and the 
first lead layeA in the first end region, sandwiched between the first shield layer 
and the read smsor in the read region and sandwiched between the first shield 
layer and the second lead layer in the second end region; 

the firee layer being located between the antiferromagnetic oxide film and 
the pinned layer; and 

the first \and second lead layers exchange coupling to the 
antiferromagnetic oxide fikn and magnetostatically coupling the read sensor; and 
said write head incluning: 

first and second pole piece layers wherein the first pole piece layer is a 
common layer with said second shield layer; 

a write gap lay^; 

the first and second pole piece layers being separated by the write gap 
layer at the ABS and connected toge^er at a bade^ap; 

; one coil layer embedded therein; and 
the insulation stack bWng smi&m^d between the first and second pole 
piece layers and being locateci between the ABS and said back gap. 
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16, A merged magnetic hekd as claimed in claim 1 5 comprising: 
the read sensor including: 

an antiferromagnetic metallic layer exchange coupling to the pinned layer; 

and 

a non-magnetic layer sandwiched between the firee layer and the 
antiferromagnetic oxide film in the read region; 
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each Af the first and second lead layers having a ferromagnetic film; 

the ferromagnetic film of each of the first and second lead layers exchange 
coupling to me antiferromagnetic oxide film in the first and second end regions 
respectively and magnetostatically coupling to the read sensor; 

a non-magnetic adhesion film and cap film; 

an electmcally conductive non-magnetic film sandwiched between non-magnetic 
adhesion and cap films; and 

in each bf the first and second lead layers, the ferromagnetic fihn being 
sandwiched between the non-magnetic adhesion fihn and the antiferromagnetic oxide 
fihn in the first ana second end regions. 
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17. Almerged magnetic head as claimed in claim 16 wherein the 
antiferromagnetic o\cide film is selected firom the group NiO and a-FezOj. 

18. A lAerged magnetic head as claimed in claim 17 wherein the 
antiferromagnetic metallic layer is sheeted fi-om th^oup Ir-Mn, Ni-Mn, Rh-Mn, Pt- 
Mn, Pd-Pt-Mn and Cr-^t-Mn. 

19. A merged magnetic head as claimed in claim 16 wherein: 
the antiferromagnijtic metallic layer is Ni-Mn and is interfacially engaged by the 

second gap layer. 
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20. A merged mVgnetic head as claimed in claim 1 9 wherein: 
a thickness of the antiferromagnetic metaUic layer is 15 - 25 nm; and 
the antiferromagnetic oVide fihn is NiO and the ferromagnetic fihn of each of the 
first and second lead layers is Ni-Fe. 
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21. \ A magnetic disk drive that includes at least one merged magnetic head 
that has an aik bearing surface (ABS), the disk drive comprising: 

the meiged magnetic head having a write head portion that includes: 

ay read region that has first and second sides that extend substantially 
perpendicular to the ABS, first and second end regions that are adjacent said first 
and seconay sides respectively and the read region and first and second end 
regions beingi adjacent said ABS; 

a read sensor located in the read region and having first and second side 
edges that define said first and second sides of the read region; 
said read sensor including: 

a ferromagnetic firee layer and a ferromagnetic pinned layer; 
an electrically conductive non-magnetic spacer layer sandwiched 
between the firqe and pinned layers; 

first and second >|ead layers located in the first and second end regions, 
each lead layer having a fifet side edge wherein the Jfet side edge of the first lead 
layer is adjacent the first siote edge of the read sensor and the first side edge of the 
second lead layer is adjacent\the second sifle edge of the read sensor; 

first and second gap lectors whereiijeach gap layer is located in the read 
and first and second end regior 

the read sensor and the first and second gap layers being sandwiched 
between the first and second shield^ layers; 

the first read gap layer composing a bi-layer of an insulation fihn and an 
antiferromagnetic oxide fihn sandwiched between the first shield layer and the 
first lead layer in the first end region, sandwiched between the first shield layer 
and the read sensor in the read region arid sandwiched between the first shield 
layer and the second lead layer in the secoVid end region; 
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the me layer being located between the antiferromagnetic oxide film and 
the pinned layer; and 

the first and second lead layers exchange coupling to the 
antiferromagn0jic oxide film and magnetostatically coupling to the read sensor; 
and 

the merged magnetic head having a write head portion that includes: 

first and second pole piece layers wherein the first pole piece layer is a 

common layer witk said second shield layer; 
a write gap layer; 

the first and second pole piece layers being separated by the write gap 
layer at the ABS and connected together at a back gap; 

an insulation stkck with at least one coil layer embedded therein; and 
the insulation stack beiftg sandwiched between the first and second pole piece 

layers and being Ipcated bet^n the ABS and said back gap; 

afi-ame; 

a magnetic disk rotatably supnbrted on/ttie fi-ame; 
a support mounted oAthe firai^eW^pporting the merged magaetic head 
in a transducing relationship witMhe magnetic disk; 
means for rotating the inagnetic disk; 

positioning means connected to the support for moving the merged 
magnetic head to multiple positions with respect to said magnetic disk; and 

means connected to the merged magnetic head, to the means for rotating 
the magnetic disk and to the positidming means for exchanging signals with the 
merged magnetic head, for controUlhg movement of the magnetic disk and for 
controlling the position of the merged magnetic head. 
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1 22. \ The magnetic disk drive as claimed in claim 2 1 , comprising: 

2 the reaa sensor including: 

3 afi antiferromagnetic metallic layer exchange coupling to the pinned 

4 layer; and \ 

5 an electrically conductive non-magnetic layer sandwiched between the 

6 free layer and the antiferromagnetic oxide film in the read region; 

7 each of the first and second lead layers having a ferromagnetic fihn; and 

8 the ferromagnetic Vilm of each of the first and second lead layers exchange 

9 Q coupling to the antiferromWietic oxide film in the first and second end regions 

10 j respectively and magnetostatiWly coupling tO| the reaji^ensor; 

11 wherein each lead layer mcludes:/ [L^^ 

12 W a non-magnetic adhesion fihr/and a cap fihn; 

13 an electrically conductive film sandwiched between the non-magnetic 

14 f ^ adhesion and cap films; and \ 

1 5 K in each of the first and second lead layers, the ferromagnetic fihn being 

ru \ . . . 

16 .r sandwiched between the non-magnetic adhesion fihn and the antiferromagnetic 

Q \ 

1 7 oxide fihn in the furst and second end\egions. 

1 23 . A method of malting a magnetic read head wherein the read head has a 

2 read region that has first and secoM sides that extend substantially perpendicular to the 

3 ABS, first and second end regions tkt are adjacent the first and second sides respectively 

4 and the read region and first and secoM end regions being adjacent the ABS, comprising: 

5 forming a first shield layer; \ 

6 forming an insulation layer on the first shield layer; 

7 forming an antiferromagnetic oxMe film on the insulation fihn; 



P:\SANJOSE\998026.APP 



-34- 

8 ^forming a spin valve sensor with a non-magnetic layer directly on a first gap 

9 layer, thk first gap layer comprising a bi-layer of said insulation film and said 

10 antiferromagnetic oxide film; 

1 1 forming a mask on the spin valve sensor with first and second openmgs at first 

1 2 - and second lekd layer sites wherein the first and second openings define first and second 

13 side edges of i spin valve sensor to be located in the read region; 

14 milling\away spin valve sensor material in the first and second openings to 

1 5 expose the antitbrromagnetic oxide film; 

16 forming first and second lead layers on the antiferromagnetic oxide film in the 

17 '3 first and second openings; 

1 8 ''4 removing the mask; 

1 9 1^ forming a second gap layer on the spin valve sensor and the first and second lead 

20 5 layers; and \ 

2 1 i^-^ forming a second shield layer on the second gap layer. 

1 24. a method ak claimed in claim 23 wherein the first and second lead layers 

2 ':E have a ferromagnetic fihn foffiied directly on the antiferromagnetic oxide fihn in the first 

3 Q and second end regions respectively. 

4 \ 

1 25. A method as clairned in claim 24 wherein the spin valve sensor is formed 

2 in the presence of a magnetic field tiiat is directed perpendicular to the ABS and the first 

3 arid second lead layers are formed iA the presence of a magnetic field that is directed 

4 parallel to the ABS. \ 
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1 26. A method of making a magnetic read head wherein the read head has a 

2 read region that has first and second sides that extend substantially perpendicular to the 

3 ABS, first ind second end regions that are adjacent the first and second sides respectively 

4 and the re^iairegion and first and second end regions being adjacent the ABS, comprising: 

5 forming a first shield layer; 

6 forming an insulation fihn on the first shield layer; 

7 forming an antiferromagnetic oxide fihn on the insulation film; 

8 forming a spin valve sensor on a first read gap layer which comprises bi-layer of 

9 said insulation film and said antiferromagnetic oxide film; 

10 said forming ofthe spin valve sensor including: 

11 ru fbrmifig a non-magnetic seed layer directly on the antiferromagnetic 

12 M oxide fihn; 

13 j]^ fonningya ferromagnetic fi-ee layer on the non-magnetic seed layer; 

14 forming \ electrically conductive non-magnetic spacer layer on the firee 

15 t layer; 

! y , 

16 . r forming a ferromagnetic pinned layer on the electrically conductive non- 

17 magnetic spacer layer; 

18 forming an Wiferromagnetic metallic layer of Ni-Mn on the 

19 ferromagnetic pinned la^^er; 

20 forming a cap layW on the antiferromagnetic metallic layer; 

21 annealing the ferromagnetic pinned layer and the antiferromagnetic 

22 metallic layer of Ni-Mn at 2(10^-280° for 2-10 hours in a field that is directed 

23 transverse to the ABS; 

24 forming a mask with firs\ and second openings at the first and second end 

25 regions wherein the first and secokd openings define said first and second sides 

26 of the read region; 
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27 \ milling away the spin valve sensor within each of the first and second 

28 openings to expose the antiferromagnetic oxide film; 

29 Arming first and second lead layers on the antiferromagnetic oxide film 

30 in the first and second openings respectively; and 

3 1 removing the mark; 

32 milling away the cap layer and a portion of the antiferromagnetic metallic 

33 layer of the tepm valve sensor and a portion of the cap layer of the first and 

34 second lead layers; 

35 forming a secAnd read gap layer on the antiferromagnetic metaUic layer and on 

36 the first and second lead layers; and 

37 '^3 forming a seconV shield layer on the second read gap layer. 

ru \ 

1 i'J 27. A method as claimed in claim 26 wherein the antiferromagnetic oxide 

2 |:J fihnisNiO. \ 

1 U 28. A method as dsaimed m claim 27 wherein the forming each of the first 

ru \ 

2 and second lead layers comprisSs: 

3 9 forming a soft ferromagrlbtic fihn directly on the antiferromagnetic oxide fihn 

4 portion in a respective end regionA 

5 forming a non-magnetic adMesion fihn on a respective soft ferromagnetic fihn in 

6 a respective end region; \ 

7 forming an electrically conductive non-magnetic fihn on a respective non- 

8 magnetic adhesion fihn in a respectiveWd region; and 

9 forming a non-magnetic cap layV on a respective electrically conductive non- 
1 0 magnetic film in a respective end region. \ 
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29. Ajnethod as claimed in claim 28 wherein the first and second lead layers 
are fomied in the ^sence of a field that is directed parallel to the ABS. 
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30. A method of making a magnetic read head that has an air bearing surface 
(ABS),\a read region that has first and second sides that extend substantially 
perpendicular to the ABS, first and second end regions that are adjacent the first and 
second sid\s respectively and the read region and first and second end regions being 
adjacent the ABS, comprising: 

forming, a read sensor in the read region with first and second side edges that 
define said first and second sides of the read region as follows: 

forming a ferromagnetic free layer and a ferromagnetic pinned layer; 
foraiing an electrically conductive non-magnetic spacer layer between the 
free and pinneoslayers; 

foraiing ak antiferromagnetic metallic layer that exchange couples to the 
pinned layer;' and 

forming a cap\ayer, on the antiferromagnetic metallic layer; 
forming first and seconcNead layers in the first and second end regions with each 
lead layer having a first side edge; wherein the first side edge of the first lead layer is 
adjacent the first side edge of the reki sensor and the first side edge of the second lead 
layer is adjacent the second side edgeW the read sensor; 

forming first and second gap layers with each gap layer located in each of the 
read and first and second end regions; 

fomiing the read sensor and the first ^d second gap layers between the first and 

second shield layers; 

forming an antiferromagnetic oxide fihn>between an insulation fihn and the first 
lead layer in the first end region, between the insVlation fihn and the read sensor in the 
read region and between the insulation film and the^econd lead layer in the second end 
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region witti the first and second lead layers being exchange coupling to the 
antiferromagnetiqoxide film and magnetostatically coupling to the read sensor; and 

the forming\of the read sensor locating the free layer between the 
antiferromagnetic oxide film and the pinned layer 



3 1\ A method as claimed in claim 30 including: 
forming each of the first and second lead layers with a ferromagnetic film so that 
the ferromagdetic fihn of each of the first and second lead layers exchange couples to the 
antiferromagriptic oxide fihn in the fnst and second end regions respectively and 
magnetostatica\ly couples the read sensor. 



32. A Vethod as claimed in claim 3 1 wherein the making of each lead layer 
includes: 

forming non-Wagnetic adhesion and cap films; 
forming an electrically conductive non-magnetic fihn between the non-magnetic 
adhesion and cap fihns;\and 

in each of the fi\st and second lead layers, forming the ferromagQetic fihn 

between the non-magnetic Vdhesion fihn and the antifeixomagnetic oxide film m the first 

* \ . 

and second end regions, respectively. 



33. A method as cleiimed in claim 32 wherein the antifenomagnetic metalhc 
layer is selected from the group ti^Mn, Ni-Mn, Rh-Mn, Pt-Mn, Pd-Pt-Mn and Cr-Pt-Mn. 

34. A method as claimdd in claim 32 wherein the antiferromagnetic oxide 
fihn is selected from the group NiO afad a-FcjOj. 
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1 3 5\ A method as claimed in claim 34 wherein the antiferromagnetic metallic 

2 layer is selected from the group Ir-Mn, Ni-Mn, Rh-Mn, Pt-Mn, Pd-Pt-Mn and Cr-Pt-Mn. 

1 36. \a method as claimed in claim 32 wherein the non-magnetic seed layer 

2 ' is Ta, the free film is Ni-Fe, the spacer layer is Cu, the pinned layer is Co and the 

3 antiferromagnetii: metallic layer is Ni-Mn. 



37. A method as claimed in claim 36 wherein the antiferromagnetic oxide 
film is selected from the group NiO and a-FejOa. 

38. A metHpd as claimed in claim 32 wherein the antiferromagnetic oxide 
film is NiO and the ferr^agnetic fihn of each of the first and second lead layers is Ni- 
Fe. \ 

39. A method as claimed in claim 32 wherein the second gap layer 
interfacially engages the antiferromagnetic metallic layer. 

40. A method as clauiied in claim 39 wherein the antiferromagnetic metallic 
layer is Ni-Mn. \ 



1 41. A method as claimed in claim 40 wherein a thickness of the metallic 

2 antiferromagnetic layer is 15 - 25 nm, \ 

1 42. A method as claimed in cteim 41 wherein the antiferromagnetic oxide 

2 film is NiO and the ferromagnetic film of eaki of the first and second lead layers is Ni- 

3 Fe. \ 
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43. \ A method of making a merged magnetic head that has a read head and 
a write head wherein each head forms a portion of an air bearing surface (ABS) and the 
/ read head has\a read region that has first and second sides that extend substantially 
perpendicular t\) the ABS, first and second end regions that are adjacent the first and 
second sides resbectively and the read region and first and second end regions being 
adjacent the ABS, Comprising: 

making the read head as follows: 

forming a multi-layered read sensor in the read region with first and 
second side edg\s that, define said fu:st and second sides of the read region, and 
with one of its layers being a non-magnetic layer; 

forming first and second lead layers in the first and second end regions 
with each lead layer Hkving a first side edge wherein the first side edge of the first 
lead layer is adjacent tMe first side edge of the read sensor and the first side edge 
of the second lead layer is adjacent the second side edge of the read sensor; 

forming first and sWond insulation gap layers with each insulation gap 
layer located in each of the fead and first and second end regions; 

forming the read sensbr and the first and second insulation gap layers 
between the first and second shield layers; and 

forming an antiferromagnVic oxide film between the first insulation gap 
layer film and the first lead layek in the first end region, between the first 
insulation gap layer and the read senW in the read region and between the first 
insulation gap layer and the second le^ layer in the second end region with the 
first and second lead layers exchange doupling to the antiferromagnetic oxide 
film and magnetostatically coupling \? the first and second side edges 
respectively of the read sensor; and 
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me forming of the read sensor forming the non-magnetic layer directly on 
the antiferrbmagnetic oxide film; 
making the write head as follows: 

employW the second shield layer as a first pole piece layer; 

forming a second pole piece layer; 

forming a wrue gap layer that separates the first and second pole pieces 
attheABS; \ 

connecting the firstVid second pole piece layers at a back gap; 

forming an insulation s^ck with at least one coil layer embedded therein 
between the first and second polXpiece layers and between the ABS and said 
back gap. 

44. A method as claimed in claim 43 comprising: 
making a read head as follows: 

forminaa ferromagnetic free layer and a ferromagnetic pinned layer; 

forming an electrically conductive non-magnetic spacer layer between the 
free and pinned laWs; 

forming an Atiferromagnetic metallic layer that exchange couples to the 

pinned layer; and \ 

forming a cap laW; 

forming each of the first aM second lead layers with a ferromagnetic fihn so that 
the ferromagnetic fihn of each of thk first and second lead layers exchange couples to the 
antiferromagnetic oxide fihn in thk first and second end regions respectively and 
magnetostatically couples to the firstWd second side edges respectively of the read 

sensor; \ 

forming non-magnetic adhesion and cap films; 
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fqrrning an electrically conductive non-magnetic film between the non-magnetic 
adhesion and cap films; and 

in each of the first and second lead layers, forming the ferromagnetic fibn 
between the non-magnetic adhesion fihn and the antiferromagnetic oxide fihn. 

45. \ A method as claimed in claim 44 wherein the antiferromagnetic oxide 
fihn is selected from the group NiO and a-FeiOa. 

46. A method as claimed in claim 45 wherein the antiferromagnetic metallic 
layer is selected fi-oAthe group Ir-Mn, Ni-Mn, Rh-Mn, Pt-Mn, Pd-Pt-Mn and Cr-Pt-Mn. 

47. A method as claimed in claim 44 wherein: 

the second gap laVer interfacially engages the antiferromagnetic metallic layer; 

and \ 

the antiferromagnetic metallic layer is Ni-Mn. 

48. A method as clkmed in claim 47 wherein: 

a thickness of the antiferrbmagnetic metaUic layer is 15 - 25 nm; and 
the antiferromagnetic oxide\film is NiO and the ferromagnetic fihn of each of the 
first and second lead layers is Ni-F A 
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49. \ A spin valve (SV) sensor having end regions separated from each other 
by a central regibn, comprising: 

an sVsglement located in the central region, and having a magnetic pinned 

layer; 

first and secW lead layers located in the fir^t and second end regions; 

and 

a continuous antiferromagneiic 0MdeJa$^er located in the end region and 
the central region; 

the element and first and Is^nd lead layers being located over the 
antiferromagnetic oxide layer, and the pinned layer being separated from the 
antiferromagnetic oxide layer by a non-magnetic spaber layer. 
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